The incorporation of [14C]amino acids into the acid precipitable material of chick embryo fibroblasts was inhibited by both sparsomycin and gougerotin with an efficiency which varied according to the amino acid and to the antibiotic. Of I6 amino acids tested, proline was the most susceptible to the action of sparsomycin and phenylalanine was the most resistant. With gougerotin, the order of decreasing susceptibilities of four amino acids were: phenylalanine, proline and glycine, lysine.
INTRODUCTION
Sparsomycin (CI~HslN3OsS2) is an antibiotic of unknown structure produced by Streptomyces sparsogenes. It inhibits the growth of bacteria and of mammalian cells; in L cells it has been shown to inhibit protein synthesis preferentially (Goldberg & Mitsugi, 1966) . Its mode of action has been elucidated in vitro in the Escherichia coli cell-free amino acid incorporating system (Goldberg & Mitsugi, I966; I967) . The antibiotic did not prevent the formation of the active complex amino acyl transfer RNA (t-RNA), messenger RNA (m-RNA) and ribosomes; the target for its action was probably the peptide bond forming step. When synthetic homopolynucleotides were used as m-RNAs, the incorporation of proline into polypeptides, as promoted by polycytidylic acid (poly-C), was more inhibited by sparsomycin than was polylysine formation directed by polyadenylic acid (poly-A). The incorporation of phenylalanine induced by polyuridylic acid (poly-U) was the least susceptible to sparsomycin. Goldberg & Mitsugi (I967) also mention that another antibiotic, gougerotin, displayed a different specificity: in contrast to sparsomycin, it was somewhat less effective against the activity of poly-A than against that of poly-U; like sparsomycin, however, it was most effective against poly-C. Gougerotin had previously been shown to inhibit the transfer of amino acids from amino acyl t-RNA to proteins (Casjens & Morris, 1965) . I44 L. THIRY
In the present paper it is shown that sparsomycin and gougerotin also have specific activities in vivo in chick embryo fibroblasts; each antibiotic preferentially inhibits the incorporation of some amino acids, as well as the growth of some viruses.
METHODS

Viruses and drugs
The viruses, as well as their assay by the plaque method, were those routinely used in this laboratory. The antibiotics were gifts; two batches of sparsomycin were received from Dr C. G. Smith, of the Upjohn Company, Kalamazoo, Michigan, at 6-month interval (batches I and 2) and one batch of gougerotin was received from the Takeda Chemical Industries, Osaka, Japan.
Incorporation of labelled amino acids into acid precipitable cellular material in the presence of antibiotic
Primary cultures of chick embryo fibroblasts were grown for 2 days in Leighton tubes in Hanks's medium with lactalbumin hydrolysate and yeast extract plus lO% calf serum. They were rinsed with Eagle's medium containing one-fourth the normal concentration of amino acids, incubated in o'5 ml. of this medium for IO min. at 37 ° when o" I #c of one [14C]amino acid plus the drug under study were added. After I hr at 37 ° the cells were washed with ice-cold phosphate buffered saline at pH 7.2 and then treated according to one of the following procedures.
Procedure A, The washed cells were treated twice for 15 rain. at o ° with o'5 Nperchloric acid. The first supernatant fluid was kept for the assay of radioactivity in the atfitt soluble fraction. The cells were then washed with alcohol and left to dry at rooz~perature. To each tube was added o'3 ml. of hyamine hydroxide. It was then stoppered with a screw cap and heated for 2 hr at 6o °. When the tubes were cool, 9 ml. of a toluene solution containing 5% naphthalene, o'4% PPO and o.oi % POPOP were added. The whole of each liquid were transferred to vials and the number of p4C] disintegrations/min, was calculated from the counts obtained in a Tri-Carb liquid scintillation spectrometer.
The acid-soluble fractions were neutralized with KOH; samples of o.I ml. were added to 9 ml. of a dioxane solution containing 12"5 % naphthalene, o'75 % PPO and o'o5 % POPOP and counted for radioactivity.
The number of disintegrations/rain, did not vary by more than lO% from one tissue culture tube to another in comparable series of 3 tubes treated with the same labelled amino acid and the same concentration of the same drug.
Procedure B. One ml. of N-NaOH was added to the washed cells in each tube. After 3o rain. at room temperature the cells were suspended in the NaOH solution by means of glass beads; they were cooled to o ° and lO% ice-cold trichlor acetic acid was added. After 15 rain. at o °, the precipitate was centrifuged and washed with alcohol. The proteins were solubilized in hyamine hydroxide and assayed for radioactivity as in A. One of the two antibiotics and o.I/zc of one [14C]amino acid were added simultaneously to monolayers of chick embryo fibroblasts. After I hr at 37 ° the cells were washed and treated with perchloric acid; the soluble and the insoluble fractions were assayed for radioactivity. The results obtained with the insoluble fractions only will be presented since the antibiotics did not modify the pool of free amino acids within a period of I hr, as estimated by the radioactivity of the soluble fraction. ) were added simultaneously to chick embryo fibroblasts and left for I hr at 37 ° before precipitation by 0"5 N-perchloric acid. The numbers of disintegrations/rain, of 14C obtained in control cells, not treated with the drug, were from 5000 to I5,ooo, depending on the amino acid. Incorporation of labelled amino acids in the presence of the drug is expressed as % of the number of disintegrations/min, in control cells. A, Gougerotin, 500 #g./ml.; B, sparsomycin, 50/zg./ml.
Sparsomycin, at a concentration of 50 #g./ml., decreased the incorporation of [14C]proline into the acid precipitable fraction to I2 % of the value found in control cells not treated with the drug (Fig. i) . The same dose of sparsomycin only decreased the incorporation of [14C]phenylalanine to 59 % of its normal value, the incorporation of lysine, asparagine and glycine were decreased to 42, 32 and I 6 % , respectively
Gougerofin, as found by Goldberg & Mitsugi (I967) , was a much less potent inhibitor: a concentration 50o/zg./ml. (ten times greater than that of sparsomycin) was required to obtain significant modifications of amino acid incorporation. Phenylalanine was the most susceptible to gougerotin (incorporation 4] % of the normal value). Lysine was not inhibited by the same dose of the drug; indeed, its incorporation was increased to z25 %. The suceptibility of proline was intermediate and equal to that of glycine (71% incorporation lysine, asparagine, glycine or proline was tested under the same conditions. This inhibitor did not display any specificity of action; the incorporation of all 5 amino acids was inhibited to zo% of the normal value in the presence of puromycin Io #g./ml., and to 1% when the concentration of the drug was raised to 20 #g./ml. The amino acids assayed in the experiments described above were chosen because their corresponding codons are very different one from another and were expected to be suitable for the detection of differences in susceptibility to one antibiotic, if the action of this antibiotic in vivo depends on the composition of the codons in m-RNA (or the anticodon in t-RNA). Since the amino acids were arranged in the following order of increasing susceptibility to sparsomycin--phenylalanine (codon UU Py), lysine (AA Pu), asparagine (AA Py), glycine (GGX) and proline (CCX)--it was Action of sparsomycin and gougerotin r47 possible that the presence of C in the codon might have conferred susceptibility to sparsomycin, and of U resistance to that drug. This was further supported when I I other amino acids were studied. Glutamine, aspartic acid, alanine and methionine were not assayed, but among all the other amino acids phenylalanine was repeatedly found to be the most resistant and proline the most susceptible to the action of sparsomycin. It was not possible, however, to arrange the whole group of amino acids in a reproducible gradient of susceptibility to sparsomycin, since the differences between some amino acids were small and, for these, the order of susceptibility was often reversed from one experiment to the other. The results of 2 reproducible experiments are shown in Fig. 2 . They were performed with a batch of sparsomycin (batch 2) which was somewhat less active than the one used in the experiments illustrated in Fig. I . With both concentrations of 50 and 70 #g./ml., arginine was more resistant to sparsomycin than glutamic acid, and nearly as resistant as Iysine. The possible codons for arginine, in vitro, are CGX and AG Pu, the fact that arginine susceptibility to sparsomycin was lower than that of proline (CCX) and glycine (GGX), and was intermediate between that of lysine (AA Pu) and glutamic acid (GA Pu) suggests that in vivo, in chick embryo fibroblasts, the codon AG Pu is mostly used for the binding of arginyl-t-RNA, as already indicated by other workers (Subak-Sharpe et aL I966). On the other hand, the experiments did not allow a decision on which of the codons of serine (UCX or AG Py) and of leucine (CUX and UU Pu) are preferentially used. The results shown above relate to the incorporation of [14C]amino acids into total acid precipitable material consisting of proteins, growing polypeptides and amino acyl-t-RNAs. Amino acids may be released from the latter components by mild alkaline hydrolysis. In order to dissociate a possible action of sparsomycin on the charging of t-RNAs with activated amino acids, from an action on the transfer of the amino acyl to the growing polypeptides, comparable cultures were treated with sparsomycin at a concentration of 65 #g./mi. and with one of several [14C]amino acids; after I hr at 37 °, half of the cultures were treated with perchloric acid, and the other half were treated with N-NaOH at room temperature followed by precipitation with Io% trichloracetic acid, as described in Methods. In control cultures, with no added antibiotic, the number of disintegrations/min, obtained with [14C]phenylalanine and [14C]asparagine was 27 % lower in the material hydrolysed with NaOH than in the total acid precipitable material. With labelled arginine, lysine and proline, alkaline hydrolysis caused a decrease of disintegrations/min, which amounted to less than IO~/o. Each percentage may be regarded as giving a rough estimation of the amount of t-RNAs which are charged with a given amino acid, as compared to the amount of growing polypeptides and of proteins which have been completed in I hr. These percentages were somewhat increased after the action of sparsomycin, since the inhibitory effect of this drug was slightly more pronounced when the incorporation of amino acids into the alkaline hydrolysate was assayed than when radioactivity was counted in the total acid precipitable material (Fig. 3) . This indicates that the main target of sparsomycin action was on the transfer of amino acyl from t-RNA to polypeptides, another confirmation of results obtained in vitro with extracts of Escherichia coli (Goldberg & Mitsugi, I966 ) .
More detailed studies with gougerotin were not possible because a second batch of the drug was not available.
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The action of sparsomycin and of gougerotin on virus growth
Various viruses were grown in chick embryo fibroblasts in Eagle's medium plus Io% dialysed calf serum with an input multiplicity of I p.f.u./z to 3 cells and an adsorption time of I hr, after which the cultures were washed and fresh medium added plus the antibiotic. After 20 hr of growth, Newcastle disease, fowl plague and Western equine encephalitis viruses in the fluids were titrated. Vaccinia and pseudorabies viruses were titrated in the cells plus fluids, after freezing and thawing followed by a brief ultrasonic treatment. Two variants of Western equine virus were assayed, the wild type and its small plaque mutant, since they have been shown to have distinct nutritive requirements (Sprecher-Goldberger, I964; I966). In control cultures, with no added antibiotic, the various viruses grew to very different titres (Fig. 4) ; these titres fell as the concentration of sparsomycin (batch I) was increased from 0"5 to 5/zg.[ml. and then reached a plateau; pseudorabies virus was the most susceptible to sparsomycin and vaccinia virus the most resistant. The large and small plaque variants of Western equine encephalitis virus, and the two myxoviruses, Newcastle disease and fowl plague virus, showed a similar, intermediate susceptibility.
With an input multiplicity of I p.f.u./I to 3 cells, pseudorabies virus reached a titre of only 2 x IO a p.f.u./ml, in 20 hr. In order to determine whether the high susceptibility of this virus to sparsomycin was related to the low yield, the experiment was repeated with all viruses at an input multiplicity of 5 p.f.u./cell. Pseudorabies virus nowgrewto a titre of 4 x 106 p.f.u./ml., but its titre still decreased as rapidly as before with increasing concentrations of sparsomycin up to 5/zg./ml. With the higher input multiplicity, vaccinia virus reached the same titre as with the previous multiplicity, but its resistance to sparsomycin was now complete (Fig. 4) . With Newcastle disease and Western I49 equine encephalitis viruses, neither virus titres in control cells nor virus susceptibility to sparsomycin were modified when the input multiplicity was raised to 5 p.f.u./cell. This multiplicity did not allow a good growth of fowl plague virus, probably because of interference effects. The action of gougerotin was then studied under conditions similar to those described for sparsomycin, and an input multiplicity of t p.f.u./I to 3 cells (Fig. 5) . A similar experiment was done with batch z of sparsomycin (Fig. 5) . The viruses clearly have different susceptibilities to gougerotin and sparsomycin. Newcastle disease virus was completely resistant to gougerotin and fowl plague virus was the most susceptible to it. Pseudorabies and vaccinia viruses showed intermediate and similar susceptibilities to gougerotin, while the small plaque western equine encephalitis virus was more resistant to it than the large plaque variant.
Toxic effect of the drugs
Rounding of cells was produced in 20 to 24 hr by batches I and 2 of sparsomycin at concentrations of Io and 20 #g./ml., respectively. It is noteworthy that these concentrations allowed a nearly normal yield of vaccinia virus, but were four-to fivefold higher than those sufficient to inhibit strongly the growth of pseudorabies virus. With gougerotin, the margin between the toxic dose and the dose which inhibited fowl plague virus growth was about the same. 
DISCUSSION
Goldberg & Mitsugi 0966; I967) found that, in vitro, with cell-free extracts of Escherichia coli, inhibition of protein synthesis by sparsomycin depended on the base composition of the messenger. This specificity appeared most clearly with synthetic polynucleotides as inducers of polypeptide formation. Polyuridylic acid was least sensitive to the action of sparsomycin; the inclusion of adenylate to form a copolymer increased the susceptibility moderately, while the inclusion of guanylate or cytidylate produced a still higher susceptibility. Using the natural m-RNA of phage MS2 in the same in vitro system, the inhibition of incorporation was found to be equal with different amino acids, but these experiments were limited to valine, leucine, serine, phenylalanine. In contrast, when the endogenous m-RNA activity of cell-free extracts was assayed, the amino acids were arranged in the following order of increasing susceptibility to sparsomycin: phenylalanine, tyrosine, leucine, isoleucine, valine and lysine. With one given m-RNA, therefore, the specificity of sparsomycin action does not appear clearly, but among the fragments of various m-RNAs still attached to ribosomes of cellular extracts which are responsible for endogenous activity, the antibiotic is more effective on fragments rich in triplets AAX than on those rich in UUX. The in vivo experiments, in tissue cultures of chick embryo fibroblasts, showed that when sparsomycin penetrated into the cell and met the population of complete m-RNAs, its specificity of action was also apparent. Both the previous in vitro studies of Goldberg & Mitsugi and the present in vivo studies demonstrated that sparsomycin inhibited the incorporation of phenylalanine (codon UUX), lysine (AA Pu) and proline (CCX) into acid precipitable material with low, medium and high efficiency, respectively. In addition, the present in vivo studies showed that asparagine (AA Py) was as susceptible to sparsomycin action as lysine, and that the susceptibility of glycine (GGX) was situated between that of amino acids with AAX and with CCX codons. With gougerotin, the correlation between in vitro and in vivo findings was not as good: the order of increasing susceptibility in vitro with Eseherichia eoli extracts was lysine, phenylalanine, proline, and in vivo in chick embryo fibroblasts it was lysine, proline and glycine, phenylalanine.
Sparsomycin and gougerotin inhibited the growth of some viruses, but their spectra of action were very different. If the target of action of both antibiotics was the intracellular virus specific RNAs which play the part of messengers, it was to be expected that the intracellular virus RNAs rich in G and C, and those rich in U, should be the targets most susceptible to sparsomycin and gougerotin, respectively. Indeed, such a correlation existed in the cases of those viruses for which there are indications regarding the base composition of the viral m-RNA (Table I ). In cells infected with vaccinia virus in the presence of actinomycin D, the viral RNA(s) contain I9%G, I8% C, 36% A, 27% U (Woodson, I967) ; the intracellular RNA of cells infected with Newcastle disease virus has a base composition (22 % G, 26 % C, 3o % A, 21 ~/0 U) very close to the calculated composition of the minus strand, complementary to the parental RNA (Kingsbury, I966) ; this RNA plays the part of a messenger since it is engaged in polysomes (Bratt & Robinson, I967) . The m-RNA of fowl plague virus has not been studied, but data are available for other influenza A viruses; these viruses probably mainly code for protein synthesis by means of the plus strand (19" 5 % G, 24% C, 23% A, 33% U) since the minus strand represents only Io% of the total virus RNA (Duesberg & Robinson, I967) . The messenger RNA of pseudorabies virus has not been characterized but it must be rich in G + C, or in one of the 2 bases if the messenger is not copied symmetrically from the 2 DNA strands. Lastly, the m-RNA of Western equine encephalitis virus is also unknown, but may be supposed to have an approximate content of 25% G, 25% C, 3o% A, zo% U if the plus strand mainly codes for protein synthesis, or the complementary composition if the minus strand is the one engaged in polysomes. Sparsomycin, mostly active on m-RNAs rich in G and C, inhibited the synthesis of various viruses in the following decreasing order: pseudorabies virus (m-RNA rich in G and/or C), western equine encephalitis, Newcastle disease and fowl plague viruses (50 % G+ C in all three m-RNAs) and vaccinia virus (37 % G+C in the m-RNA). Gougerotin, mostly active on m-RNAs rich in U, inhibited the growth of the viruses in the following decreasing order: fowl plague virus (33 % U in the m-RNA), largeplaque western equine encephalitis virus (30 or 20% U in the m-RNA), vaccinia virus (27 ~ U in the m-RNA), small-plaque western equine encephalitis virus (m-RNA unknown), Newcastle disease virus (20 % U in the m-RNA). If this order of susceptibility to gougerotin actually corresponds to a decreasing content in U of the virus m-RNAs, then the data suggest that large-plaque western equine encephalitis virus might code for protein synthesis by means of the minus strand (30 % U). The nucleic acid of the small-plaque mutant has not been studied. There is only an indication that it might differ from the wild type by more than a single base replacement since all attempts to transform one variant into the other by means of chemical mutagens always failed (unpublished results).
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